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Overview of Maintainability MIL-STD-721C defines Maintainability (MTTR) as the
measure of the ability of an item to beretamedmormstoredtoaspeclﬁedcmdmon when
maintenance is performed by personnel having specified skill levels, using prescribed
procedures and resources at each prescribed level of maintenance and repair. Simply
stated, mamtamabmty isa dcslgn charactensnc wmcn measures the capacity of a design to
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reauce s Hllcq pmcm downtime which is wquuw for mainienance actions.

"
}v‘.au'"-iterm"”w- actions arc grouped into two categorics:

1. Preventive or scheduled maintenance tasks implemented for an item to be
"retained in" a specified condition

N

Corrective or unscheduled maintenance tasks required for an item to be
"restored to" a specified condition.

S stem m_n.ip!a_iqabmty is mg‘nnﬁrnnt determinant of the nrnc.mhnnal nvsulnl'nhfv of

the svstcm Maintainability (MTTR) design characteristics have direct impact on the othcr
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clements of Ao, reliability (MTBF) and supportabxhty (MLDT). System rehablhty is
unpacted by the preventive maintenance action program which is intended to reduce the risk
of equipment wearout and failure. System supportability is directly impacted by
mamtamablhty dcs:gn characteristics that determine the mqmremcnts for maintenance
manning level, training, tools, and spare parts requirements. The Program Manager must
be aware that although maintainability is usually measured only in terms of the MTTR

nortion of eguinment dountime maintainahilitv degion characteristics and nultimatelv the
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system Maintenance Plan, influence many of the logistic support requirements for the
system.

Maintainability Trade-Off Analysis The Program Manager must ensure that adequate

analys1s is perxormea to auow SCIOCO(XI of mammnamnty aeslgn cnaracwnsncs balanced

e
with system requirements for n:nuuml.y and logistic support. These design trade-off

analucac ane sandnstad ac an itarmativa nnnece hut with a dafinite arder of nrecadance
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Reliability/maintainability trade-off analyses are performed initially to determine equipment
design characteristics and configuration. antamablhty/supponablhty analyses are then
conducted to determine the logistic support system that is reqmred to meet equipment
design characteristics. Because the ngram Manager's primary measure of of effectiveness

is system Ag these design trade-ofT analyses are iterated to determine the effect of each
design action on the Ao components of reliability, maintainability and supportability.

Overview of Raliahilituy/Maintainahility Trade Off Analueae anfmnahdnm tradeoffs are

conducted to achieve an ontimum balance, within mission and resource renmrcmcms
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between the frequency of failures and the down time and resources required for
maintenance. Usually, reliability improvements | have an associated cost increase. The
Program Manager determines, within specific mission requirements for Ao the most cost-
effective mix of inherent desxgn mhabxhty and maintenance requuemcnts The pmcedun:s

for reliability/maintainability design and trade-off analyses are significantly different
between preventive maintenance actions and corrective maintenance actions.

Preventive maintenance actions are performed to enhance overall system reliability
and reduce the risk of failure. The objective of preventive maintenance analysis is to
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improvement which is gained. The analysis of preventive maintenance employs a
standardized analvtical technique, called Reliability Centered Maintenance (R analveig
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RCM analysis is a decision logic process that identifies those maintenance actions that
improve system reliability and are cost effective. The selection of scheduled maintenance
actions is initially constrained by fixed requirements for system safety and mission success.
bcheduled nmntcnancc must be performed on any item whose loss of funcnon or mode of
failure could have safety consequences. If preventive tasks cannot reduce the risk of such
failures to an acceptable level, the item is redesigned to alter its failure consequences.

Scheduled maintenance is also required for any item whose functional failure will not be

evident to the operator, and therefore cannot be reported for corrective maintenance action.
In all other cases in which the consequences of-failure are either cost increase or
degradation of functions, scheduled tasks directed at preventing failures are justified on the
grounds of cost or mission enhancement. An RCM analysis program leadmg to the
1dcnuncauon of all prcvenuvc mamtcnance uirements inciudes omy mose tasxs tnat
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satisfy the criteria for both apphcaomty and effectiveness. The applicability o

determined by the technical characteristics of the “zm, and its ef

terms of failure prevention and reliability improvement.

The objective of reliability/maintainability trade-off analyses, which are conducted
for corrective maintenance actions, is to determine a balance between resource allocation for
reliability improvement, cost of mamwmmce, and the penality of equipment downtime.
'Ihcseanalysesmeasuretlwmoum topafmnﬂlemmnwnmceacuonmdto

eliminate or reduce the frequency of the failure mode in the equipment design. In the early

d&:g".. phase’ before detailed resulte are availahle from the evaluation of hgn.ghc support
requirements, time is utilized as thc primary measure of reliability and mamtamabxhtv
Rehabnhty is measured in terms of Mean Time Between Failure (MTBF) and mmmamaxhty
is measured as Mean Time To chm (MTTR). The basic relationship for

reliability/maintainability trade-off is based on the inherent availability (Ai) of the system:
Aj= MTBE
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> Program Manager must realize that this level of reliability/maintainability trade-

off analysis does not prov1de assurance that the system will achieve an optimum level of
operational availability. This stage of analysis ignores Mean Logistic Down Time (MLDT),
which may be the most significant factor in achievement of operational availability.

Corrective maintenance amuysm has two oojocnvcs First, the cqulpmcu gn i3

assessed in order to evaluate its reliability and maintainability characteristics. In tlm trade-
off analveie undecirahle characteristics are identified ag dmum m_-oblems and fed back to
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the ck:szzn team for correction or improvement. Second, dunng nmnmnabmmlognnc
trade-off analysis, tentative maintenance levels for each maintenance task, and tentative
support equipment requirements are identified. Corrective maintenance requirements are
thensubjectedtobothtaskandshllsamlym,mdmne -line analysis. ‘mergnm

Manager should undersiand that this gioupmgcfuade-eﬁ'iﬁi}ysa is not always clear or
cmmiilond Thiclan tha calinhilit fonmaintainahilite teade ~FfF analueie the nrantiralituy af lnoietic
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st be considered, in addition to MTBF and MTTR. Logistic support
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requirements for tools, spares andtmmngwnllbedete:mmedb thceqmpmcntdmgn
characteristics which are established to achieve the values of F and MTTR.
Therefore, this section will describe those corrective maintenance analyses whxch pnmmly
evaluate MTTR, but must also consider logistic practicality. The following section will
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describe tnose analysa wmcn are conducted primariiy for trade-off anaiysis of

maintainability/supportability.

ANALYSIS OF PREVENTIVE MAINTENANCE

Objective of RCM RCM employs an established method of analysis to determine the
specific preventive maintenance actions that actually improve system and equipment
reliability. The RCM conccpt was established by the commercial airline industry in the

anele: 10LN ' an o A~ §. A
€any 1>ovsasa {001 107 Ll‘:velupulclu of an effective Plcveﬁ‘ﬁ'v'w maintenance PrOgraii.

inductrv found that manv nreventive maintenance actions had no effact on the actual
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failure rate of equipments, and may even have been detrimental, due to maintenance errors
and maintenance induced failures. It had always been the undcrlymg assumption of aircraft
maintenance theory that there is a fundamental cause and effect relationship between
scheduled maintenance and operating rehabthty This assumption was based on the
intuitive bcuet that because mechanical parts wear out, the reliability of any equipment was
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airecuy relaied to Opcranng age. It IoUOWEa uidl ui€ MOt Ircquenuy Cquipineiit was
overhauled, the better protected it was against the likelihood of failure. The only decision
to be made for scheduled maintenance was in determining the equipment age limit for
maintenance which was necessary to assure reliable operatlon. The RCM oonccpt allowed
the application of more decision factors than time in the development of an effective
scheduled maintenance program.
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mc ODJOCIIVC of RCM is to acrcrmme the minimum set of prcvenuve maintenance
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tasks which will allow the Squipment achieve inherent TCiiA0LIly ai Minimumni o8, Cacln
schaduled maintenance tack in an RCM nrooram is generated for an identifiable and exnlicit
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reason. The consequences of each failure possibility are evaluated, and the failures are then
classified according to the severity of their consequences. Proposed tasks for all significant
items which would hinder operanng safety or preclude mission success are then evaluated
according to specific criteria of applicability and effectiveness. The resulting ptevamve
mmntenance program | includes all the tasks necessary to protect operating reliability, and
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W_& The basic process to develop preventive maintenance requirements
using RCM techniques is presented in MIL-HDBK-266 (NAVAIR) and the NAVSEA
RCM Handbook. Differences in the application of RCM to systems, structures and various
types of equipment are covered in these documents. To complete the RCM analysis

process, the following information must be derived.
. a determination of significant items
. a method of partitioning the system to a workable level
. a Failure Mode and Effects Analysis (FMEA)
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o evalua of nronosed maintenance tagks.
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The procedures for performing a Failure Mode, Effects, and Criticality Analysis
(FMECA)mdescnbedmAppendnxDanddehmatedelL—STD-l&9A This section
describes the RCM logic, including the evaluation of failure consequences an and pmposeu
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mamwnance asKs. 10 acwermine ngmncam lWlnl ang 1auuwy moucs anu ﬂlWl&, itis

necessary to refer to the standards listed above prior to beginning the RCM logic process.
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The preventive maintenance requirements, as determined by CM logic, can be input

.
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Figure E-1 shows the
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éofxipletc process for deterxmmng prevcnt:v maintenance requirements is the use of the
RCM decision diagram.
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s1gmﬁcant item. Next, dcpcndmg on the consequcnce of fallunc the Droposed mamtcnancc
tasks to satisfy each failure mode are evaluated for applicability and effectiveness. This
logic dxagram gcncrally prowdcs aclear path to follow. In cases where a yes or no answer
is not evident, a defauit logic is provided. The default logic specifies which path to follow
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The information to be channeled into RCM decisions requires
analysis under two different sets of conditions: (1) the development of an initial
maintenance program on the basis of limited information; and (2) modification of these
initial requirements as information becomes available from operating experience. As
information accumulates, it becomes easier to make decisions. In a new acquisition
program, however, there are many areas in which there is insufficient information for a

.
ultimate yes or no answer. To provide for decision making under these circumstances it is

necessary to have a backup default strategy dictating the course of action. In summ
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form, the default decisions are shown in qure E-2. This figure displays, for each of the
decision questions, which answer must be chosen in case of u uncertainty. In each case the
default answer is based on protection of the equipment against serious consequences. This
default apptoach can conccnvably lead to more preventive maintenance than necessary.
Some tasks wiil be inciuded as protection against non-existent hazards and others may be
scheduled too frequently. The means of eliminating excessive mainienarnce costs are

provided by the age exploration studies which begin when the equipment goes into service.
Through this process, the information needed to refine the initial RCM deciscons and make

necessary revisions is gathered systematically for evaluation.

Kinds of preventive maintenance RCM requirements consist of tasks selected on the basis
of actual n:habxhty chamctcnsncs of the equlpmcnt they are dcsngned to protect. The tasks

o At
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schedule removals. A scheduled inspection may be accomplished at any level of

maintenance. It could be an inspection to detect impending failures or to detect functional
failures which have occurred. Scheduled removals fall into two areas, removal for rework
or reconditioning, or removal for throw away. Functional failures, reconditioning, and
throw away tasks are directed at preventing single failures. Failure-finding tasks are
directed at preventing muitiple failures. The development of a preventive maintenance
program consists of determining which of these four tasks, if any, are applicabie and
cffective. Applicability depends on the failure characteristics of the item. An inspection for

Pvntmhal failures can he a?nhrnhlp only if an item has characteristics that define a potential
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failure condition. Similarly, an age limit task will be applicable only if the failures at which
the task is directed are related to age. Effectiveness is a measure of the results of the task
objective, which depends on the failure concequences involved. A proposed task might
agpcar useful if it prormscs to reduce the overall failure rate; but it could not be considered

effective if the purposc‘ rpose of app“‘i‘ym“‘g it was to avoid all runcu‘onal“" failures. A summary of
nm‘-no‘. '-h‘ and a Qc'qlmn remtama fre all tacke ia snanendad hes l:.- . s - : 2 } =Ny
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inspection tasks t_he distinction between applicability and effectiveness is usually obvious;
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the item does not have characteristics that make such a task applicable. For age limit tasks,
the distinction is sometimes blurred by the intuitive belief that the task is always apphcablc
therefore effective. In reality, unposmg an age limit on an item does not guarantee that its
failure rate will be reduced. The issue is not whcthcr thc task can be done, but whether

doing it will enable the item to achieve its inherent reliability.

Scheduled on-condition tasks Scheduled inspections to detect potential failures are termed

SRS 23S saRle

on-condition tasks, since they call for the removal or repair of mdmdual units of an item
“on the condition” that they do not meet the required standard. These tasks are directed at
specific failure modes and are based on the feasibility of defining some identifiable physical
cvmcncc of a reduced resistance to the type. of failure in question. Each unit is inspected at
regular iniervals and remains in service until its failure resistance fails beiow a defined
level, that is, until a potential failure is discovered. Since on-condition tasks discriminate

between units that require corrective maintenance to forestall a functional failure, and those

units that will probably survive to the next inspection, t_hgv permit all units of the item to
realize most of their useful lives. Many routine servicing tasks such as checking oil
quantity and air pressure, are on-condition tasks. The apphcabxhty of an on-condition task
dcpcnds on both maintenance technology and the design of the equipment. For example,
borescope and ramonsotopc tccnmqm have been developed for mspectmg turbine engines,
but these techniques are of value chiefly because the engines have been acsxgnea to

facilitate their use. Whenever an on-condition task is applicable, it is the most desirable

type of preventive maintenance. It avoids the premature removal of units that are still in
satisfactory condition, and the cost of correcting potential failures is often far less than the
cost of correcting functional failures, cspecnally those that cause extensive secondary
damagc For this reason, on-condition inspection tasks are steadily replacing older
practices.
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characteristics - that is, the pmba.-_.tv of their failure becomes significan
certain operating age. When an item does not have an | identifiable wearout age, its overall
failure rate can sometimes be reduced by imposing a hard time limit on all units to prevent
operation at the ages of higher failure frequency. If the item's original failure resistance can
be restored by rework or remanufacture, the necessary | rework task may be scheduled at
appropriate intervals. For example, an aircraft tire could have been scheduled for rework
after a specified number of landings, since retreading restores the original failure resistance.
However, this would have resulted in the retreading of all tires at the specified age limit,
whether thcv needed it or not, and would not have prevented funcnonal failures in those
tires that failed earlier than anticipated. A rework task may be applicable, either for a
simple item or to control a specific failure mode in a complex item. Although the age limit
will bc wastcful for some umts and ineffective for others, the net effect on the entire
population of that item will be favorable. This does n0t apply to completc neworx of a

cvvenlaw tammn ama tha PRSP 1Y - Ry conn cnmm daa

complex item. Failures in complex items are the result of many different failure modes,

each of which may occur at a different average age. Consequently, the overall failure rate

of such items remains relatively constant. In some cases reliability decreases gradually
with age, but there is no particular age that can be identified as a wearout zone. Unless
there is a dominant wearout failure mode which is eliminated in the course of rework,
complete rework of a complex item will have little or no effect on the overall failure rate.

Scheduled discard tasks The scheduled rework of items at a specified age limit is one type

of hard time task. The other is scheduled discard of items or their parts at some specified

operating age. Such tasks are .fmm.lenﬂv termed life limit tasks, Life !zmzt.s may be
established to avoid critical fanlures in whxch case they are called safe life hmlts They may
also be established because they are cost effective in preventing noncritical failures, in

which case they are called economic life limits.

ntlv oreater after a
[~ shatad
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Safe life limits A safe life limit is imposed on an item only when safety is involved and
there is no observable condition that can be defined as a potential failure. The item is
nemovca at or before tne Specmea maximum age and 1s clmcr mscamea or disassembied

______ mbiam 2o smmmnd azm - fhmemnn a2 22 23 _ .1

IUl Ulbbd.lu Ul a apu,uu, pd.[l. llle prd.buw 1> 11D uacuu lUl' bunplc 1CINS I nalviaual

narte nf ramnlar itame ench ae nurntacrhnic Aavicac in aiantinn caate Nivvhinh hava a limitad
w5 Oa COMPaCX ICINS Sulhn a5 PYTGwRlanud GOVICTS I OjPCuUlh STals (Wiiiil nayve a dniws

shelf life); or turhine engine disks and nonredundant structural members (which are subiect

V=T Tiiee e msaw e W a2 Rdabd g

to metal fatmue) The safe life limit is usually established by the caumment manufacturer
on the basis of dcvclopmcntal testing. Inmally, a componcnt whose failure would be
critical is designed to have an extensive life. It is then tested in a simulated operating
environment to determine what average life has actually been achieved, and a
conservatively safe fraction of this average life-is used as the safe life limit.

Earnnamin 1ifa Lenite MNnnacinnalle Aavéancira mdirnta that
WA LAdL Ullﬂu] UI\WIIDIVG bel“l\l.lls GAPVIIGII’UG lll“] ulunbaw uias

schednled digcard of an item is decirable on anlv economic orounde, An economic life

s av \-vuuuv-v Vs

limit, however, is established in the same manner as an age limit for scheduled rework. It
is based on the actual age/reliability relationship of the item, rather than on some fraction of
the average age at failure. The objective of a safe life limit is to avoid accumulating any
failure data. The only justification for an economic life limit is cost effectiveness. The
failure rate must be known in order to predict how the totai number of scheduled removals
ai various age iimiis wouid affeci the cost benefii raiio.

Schaduled failure findino tacke A scheduled tack may he necessary to nmtm the

availability of a functional failure that is not evident to the onerator I—hddcn functional
failures, by definition, have no immediate consequences, yet undetected failures increase
the risk of multiple failures. If no other type of maintenance task is applicable and
effective, hidden function items are assigned scheduled inspections for hidden failures.
Although such tasks are intended to locate mnctxonal rauums ramcr tnan potenual tauurcs,
mcy can Dc Vlcwcu as a type of on-condition mainienance, since ihe failure of a huidden

- sreasmad an a mntantnl cmnnlttala ‘n.‘nn“

~ L Tha nhiaf A ffacan e
1uubuuu lwul caii mw UG VICWHU ad a puisiliual uuuuplc 1auure. 1ne Cnitl Glueence 15 1in
the l-upl 1 of item canciderad: a functiona 1 f one item may h’ Mlv a mn-nhal failure
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for t_ho.: equipment as a whole.

qe

Age exploration program  Any preventive maintenance program can be developed and
implemented with incomplete information. Generally there is limited data on the variation
of failure resistance wnh age, variation of condmonal probabnhty or tauum with age and the
operauonal vanm of mmre symptoms An unponam ciement of RCM is age exploration -

an Fnanann nanannam: tn Adataveninae tha
a pluu:uulc IUI ayawuuuwuy sauwl llls I-l‘ uu\aumuuu IRAADDGL Y W UL WL LTIV U

annlicahility and effactivensce of narticular maintenancs tacke Ag this information
yy J WA AW bl ¥ WA !’_

acmmnlatec the RCM decnmn diagram nrov:dm a means of revising and refining the

initial program. Much of this information is already available for eqmpmcnt that has been
in service for some time, although the specific data needed may have to be retrieved from
several different information systems. The remaining useful life of the equipment will be a
factor in certain decisions. RCM analysis under these circumstances wili rcsuu in fewer
acrauu acmslons and more eificient ptevcnuvc mainienance requm:mcms Such programs

POy RTPRVPN | "N

‘ L.
usuauy muuw IIIUIC maintcnance l'cquuvlucuu &nd usuauy inCiulc a lar, BT UM of on-

Ao e tha arrived at under other M“MM and fawer of the
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scheduled rework tasks, Age pxnlm'amn ig an mteml part of the RCM program, and

consists of two parts: (1) to y detect decreases in rehabnhtv. and (2) to validate or determine
the criteria for apphcabxhty and effectiveness of the four basic p:evcnnve maintenance
tasks. Decreases in reliability can be detected through examination of in-service equipment
mdctenmmxftnedegradaumnscausedbymcrcasesmmerawsotmowntauuremoaes

or faiiure modes noi anticipated. Daia io sup port this pan of age cxpxoranon can be found

“n:‘m - -n anten Aannt maintananna data and
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operator discrepancy reports. The determination or validation of applicability and
effectiveness criteria, the second part of age exploranon, almost always requires special
data collection programs. Since extra data collection imposes a greater workload on
maintenance organizations, only essential data should be required and only for a period
long enough to establish or validate the uncertain parameters.

ANAT VSIS OF CORRECTIVE MAINTENANCE

Obiective The purpose of corrective maintenance trade-off analysis is to optimize repair
characteristics associated with hardware at all levels of indenture, from system to
component. Optimization of repair characteristics is usually accomplished by the following
three methods:

1

N

w

success by mstonng a failed item. The cost of corrective maintenance is
measured by reduction in availability of the system and by the support
resources required to restore the system to a specified level of operation.

Simplify maintenance procedures by designing for ease in performing the
interchange of parts and to minimize the complexity of diagnosis, both of

which can reduce skill and training level requirements for maintenance

aadwas wieaas RARRRIED T T e AT e TRRlTRltT SVe SiIESNINRISS S

personnel. Simplified maintenance may also reduce numerical values for
MTI‘Randmmntenaneemmhourspcropennnghour This objective
serves to create an atmosphere in which maintenance work can be
accomplished with greater reliability and accuracy.

Design for an optimi . oo
1 Opumniiam mix of Spc“u‘e parts for unscheduled or 53!‘1123’;10?181

1101

rcpan's The range of design options can be illustrated with a description of
the two extreme choices for maintenance at the operational site. The first
design choice is replacement of the entire subsystzm or major equipment
item upon failure. This choice requires full redundancy of each sub-system
and is usually prohibitive in terms of resources available. The other extreme
design | mcthod is the capability to pm_‘e?mt and replace the exact source of
every failure at the operational siie. choice is usually prohi

| 1o S
IS CNU OIaVi
both excessive downtime of the ,,b, stem and overall support cost.

There are a number of design techniques which

may be implemented to improve the repair maintainability characteristics of equipment.
These techniques may be described in three general categories:

Enclosure

i.

~~

-
s’

W such as standardization, accessibility,
modularity, unitization, and interchangeability are well established methods

reducing maintenance time. Standardization reduces waiting time for

for
AVL 1VWAS Al SAkiALivl

parts by decreasing the variety of parts which must be Droduced. stored,

and shmped. Acccssnbnhty decreases both corrective and preventive
maintenance time by allowing failure parts to be accessed more quickly.
Modularity, unitization, and interchangeability decrease the 1 number and type
of asscmbhes that are dia rcmovea, and rcplacea. Other

e e ahe o SN | PPN .J Are bmale

conngumum wcnmqucs include the ucmgn and location of controls,

displays, inspection points, and lubrication points. Packaging and structure

design also have significant impact on maintainability.
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2. Maintenance concepts and methods are another aspect of maintainability
design. These techniques inciude modular replacement, automatic
reconfiguration, remove and discard, and interchangeability.

2

Test and diaonosis are an imnortant asnect of maintainahilitv. Before renair

&S &2 L duiabanati i d e A g e 1 seAVeY sV

can begin, the part of the eaummcnt that has failed must be identified. As
part of the dlagnos1s, test pomts will usually need to be used. If testability
is designed into the item, then diagnosis will be quicker and more efficient.
The oonccpt of Built-In Test Eqmpmcnt (BITE) and Automatic Test
Equipment (ATE) make diagnosis easier.

MIL-STD-470A contains a number or specific tasks for

maintainability, including program management, design and analysis, and test activities.

Bt b b A B Il Sl Y -a..._-_ 2282S5 ™ALL B35

Figure E4 omcnts the matnx of the basm mamtamablhty pnogmm tasks from MIL-STD-
470A.

The task of modelmg, allocation, and pred:ctxon are analyucal techmqm that allow

the engineer to simulaie the maintainability characteristics of equipment in order io

Aptarmios o < neaorese  Onera
determine sub-system xcquucluﬁifs and to evaluate design progress. Operational

reqmrpmpntc are translated into design goals through the use of mndnlmo An allocation

Sipit puses WUV =T

and prediction can then be performed to optimize maintainability characteristics under given
constraints. Maintainability models are used to determine the effect that a change in one
variable has on system cost, maintainability, or maintenance performance characteristics.
The models should relate to, or be consistent with, cost and system readiness models and
other appropriate logistic support models. They may be utilized to determine the impacts of
change in fault detection probability, proportion of failure isolation, frequency of failure,

¢ marrantila ¢ CaVe ner T
critical percentile to repair, or maintenance hours per flying or operating hour.

Maintainability allocation follows a process very similar to that of reliability
allocation. The reliability allocation involves the establishment of MTBF design goals for
the various sub-elements of the system. Maintainability allocation is a method of
apporuomng the system | MTTR requirement to all of the functionai sub-elements of the
system. The maintainability allocation is performed after the reliability allocation and
prediction because it requires estimates of subsystem or equipment failure rates that are the
lmm-nl result of the mhnh:hm analvem To start the process, the cnmneer must make mugh
csnmatcs of subsystem or eaummcnt MTTR values. These cstimates or rough ptcdlcuons,
often must be obtained from the engineer's subjective judgements that are based on the
maintenance concept, the diagnostic capabilities, and all interfacing logistic policies. Once
these csumates have been made, the procedure is rather simple to determine whether or not

the system MTTR requirement can be met.

Althoueh the modeline and allocation techniques for maintainability are similar to

SRMUIVUERIL Wiy LIV LI Al WAl PwwiMlauWwww awa sssfmaiivmactIimL oSl SoF S22

the reliability engineering techniques, the prediction process for maintainability is quite
different. Reliability engineering and prediction is a scientific technique through which the
engineer can apply general engineering principles and good design practices to establish
and assess the inherent failure rate. antamabxhty howcver, is more of an art than a

Wb . L 2

science. An individual's taient and cxpcnencc are often more valuabie than esiablished
pnncxplcs For example, the primary document for maintainability prediction procedures,

_HDNRK_472 M‘v nravidac mhmnnpe thnoh which the nnalyet can summarize and

IVl.l.l.l‘l. AASRIEARTV § deg \JRIR Y WAV NSWT

average the estimated times for clcmcntarv mamtcnancc tasks. The derivation of task time

estimates is left to the analyst. The procedunes of MIL-HDBK-472 can be applied only to
electronic equipments which employ modular replacement.
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APPENDIX A
2 9 DEC 1987 3 JANUARY 1963
~ PROGRAM PHASE
_TASK TASK TITLE TASK|con-l_ .I___|____|OPERATE SYSTEM
NUMBER TYPE|cept| P*V|FSD|PROD| heveLOP (MODS)
101 Maintainabiiity program | MGT | NA [ G(3) | G G(3) G(1)
plan m
102 Monitor/control of sub- | MGT | NA | S G G S
contractors and vendors
1N2 Dranram ravieawe T Q =/ (e Q Q
1V v lwlﬂlll ITOvVIOWwWe Ve ¥ ~ \ﬂ\v, .t i ~
104 Data collection, ENG| NA |S |G |G S
analysis and corrective
action system
201 Maintainability modelingl ENG| S SM4)| G C NA
202 Maintainability ACC| S Si4)| G C S(4)
altocations
203 Maintainability ACC| NA |S(2]|G(@)| C S(2)
predictions
204 Failure modss and ENG! NA 182! G(1)! Cl1) S(2)
effects analysis (3)(4)] (2) (2)
(FMEA) maintainability
information
205 Maintainability ENG!| S(3)1 G@3) | G(1) | C(1) S
analysis
206 Maintainability design ENG| NA |[S(3)| G C S
criteria
207 Preparation of inputs ACC| NA |S(2)]G(2)| C(2 S
to detailed maintenance 3)
plan and logistic
nnm nalueaia /1 QA\
wl 1 3 -l l-l’ﬂw ‘l-Un'
301 Maintainability ACC| NA |S(2)]| G2 | C(2) S(2)
demonstration (MD)

CCCE DEFINITIONS: (‘” Hoquﬁ'ﬁ considerable intempre-
B o m e aza maizase tation of intant 'nmc%' effective I
(2) MIL-STD-470 is not the primary implementation
- il i document. Other MIL-STDs or Statement of Work
| N A T requiromonh must be inciuded to define or
| C- Generally ::olicable Yo rescind the requirements. For example MiL- |
design changes only STD-471 must be imposed to describe main- |
| NA - Not applicable tainability demonstration details and methods.
i Tasx rYPE (3) Appropriate for those task elements suitable to
. ACC - Maintainability accounting % “mu?:;.‘.a‘.s c:ua""m.‘,gs.‘ca' canphx!!y of the system unit .
[l ENG - Maintainability engineering being procured, its packsging and its overal I

maintenance pollcy.

Figure E-4: Maintainability Task Application Matrix
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The Program Manager should be aware that the most practical means of assuring
consideration in the design process of all qualitative factors that influence maintainability
design, is to establish a dialogue between experienced maintenance and logistic specialists,
and the design engineers. The most effective methods of formally implementing the
required dialogue are design reviews, maintenance engineering checklists, and FMECA.

Maintainability design reviews provide an excellent means of exchange and
evaluation of information related to both the design and maintenance of equipment. Early
in the design state, equipment configuration may be adjusted to allow achievement of
performance and reliability objectives and also to evaluate reliability/maintainability trade-
offs. Maintainability design reviews may be conducted separately from formal program

‘ reviews in order to allow full attention to maintainability design without being
overshadowed by concerns of schedule, budget, or other program requirements.

Maintainability design checklists are utilized throughout the design process to help
the analyst think systematically and ensure consideration of the minimum design
requirements. Checklists are developed by the maintenance specialist to describe to the
equipment designer specific design features such as quick-release fasteners and self-
alignment bearings. Checklists are most useful if they are tailored to the specific equipment
and its general maintainability design.

The FMECA provides an excellent source of information for maintainability
analyses and trade-off. It also provides a formal means of information transfer between the
maintenance specialist, the design engineer, and the reliability engineer/analyst. The
maintenance specialist may utilize the FMECA to identify failure modes with the associated
maintenance tasks, both preventive and corrective. The FMECA allows tracking of the
effects of maintenance actions. It will then directly correlate maintenance with systematic

~ failure ranking of the criticality of maintenance actions for proper management of design
changes.

valuation of the supportabi cris sof a sysm d&sgn must consider all

. Maintenance

. Manpower and Personnel

. Supply Support

. Support Equipment

. Technical Data

. Training and Training Support
. Computer Resources Support

. Facilities

IV-E-13 Enclosure (1)
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* cxagmg, Hﬂndung, ator'age and Tﬁﬁspﬁﬁahoﬁ
* ion Interface.

The maintenance characteristics of a system design may impact all of these ILS
elements. Therefore, maintainability/supportability trade-off analyses require an analysis
procedure which will consider and pr?zldf c’l‘ata on all the ILS elements. The LSA, dcﬁncd

and implemented through MIL-STD-1388, (Volumes 1 and 2) is the standard procedure for
evaluation of the ILS elements of a weapons system. The LSA is comprised of a series of

separate systems engineering analyses, or tasks, which may be performed on a selective

basis to evaluate the impact of design decisions on the supportability of the system. Table
E-1 presents the individual tasks which are incorporated i in MIL-STD-1388-1A. These
standardized tasks are structured for early design analysis of a system. Implementation of
the ILS process is intended to provide the data through which design decisions can be made
to balance system cost, schedule, pcrformancc, and supportablhty MIL-STD-1388-1A
provnacs gcneral rcqmremcms and descriptions of tasks which, when performed in a

PR Pigiy POV PSPy P -
logical and iterative nature, comprise the LSA process. The tasks are structured for

maximum flexibility in application. In addition to the general requirements and task
description section, the standard contains an application guidance appendix which may be
utilized by the Program Manager for selection and tallonng of the tasks to meet program
objectives in a cost-effective manner. The document is intentionally structured to
discourage indiscriminate blanket applications. Tmlormg is forced by requmng that

specific tasks be sclected and that ccnam essential information be provided by the Program
eV __ PR N\ RPN PPTY Rrews R

Managcr, relative to lmplcmcmauon Of N SCICCion tasks.

LSA documcntatlon, including the LSAR, is generated as a result of the analysis
tasks specified in MIL-STD-1388-1A. As such, the LSAR data serves as the integrated

lognsuc support technical data base applicable to the analysis and design of support for a
specific system through proper tailoring. The LSA performed per MIL-STD-1388-2A,
establishes data element definitions, data field lengths, and data formats.

The LSAR forms a data base which may be utilized to:

PR §

Determine the impact of design features on logistic support

. Determine the impact of the proposed logistic support systems on the
system/equipment availability and maintainability goals

Sy e =ik avallgDlity &rxa Alald

. Provide data for trade-offs studies, life cycle costing, and logistic support
modeling

. Exchange data among functional organizations
. Influence the system/equipment design

. Provide data for the preparation of logistic products specified by data item
descriptions (DID's)

+  Provide the means to assess supportability of the fielded item

Enclosure (1) IV-E-14
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. Provide the means to evaluate the impact of engineering change, product
improvement, major modification, or alternative proposals.

ab. _ J _

ich, the LSAR is the data base which is utilized for maintainability/

.
on analucae
.

Level of Repair Analysis (LORA) The LORA is a specialized maintainability/supportability
trade-off design analysis. The LORA is intended to 'determine the optimum Tevel of ncnalr
facility at which a maintenance action will be performed: organizational, intermediate, or
depot facility. The LORA is performed in accordance with MIL-STD-1390, and utilizes
standardized  computer models and cost factors. The LSAR i ls a data base utilized in
concucung tnc LORA. The maintainability ocsxgn characieristics, uuuzea as mputs to the
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utilized in cnndnch ng a al.

. Life cycle The entry in this field is the total number of years (including the
Base Year) that the equipment is operational and for which logistics support
costs are to be calculated in deriving LORA recommendations

o~ ﬁmk“' |nn‘||A|nn ‘ﬂl D& A IVLAY ‘
IUBIRL @OOVIILULY y MIVIVAMLILE 1aidv Cmovas

. Unit Cost The estimated unit procurement cost of the item, in
cents

a ™.~ bad cummmne bdens ba mamade thha 2
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H
factor is nead to comnute onerational availahilitv of the aconinment and to
ly‘w vrvlul-lvlll.l "V mvm‘} WA WA q_r L4

nmvndc estimates of maintenance shon worklo

. Repair cycle The average number of days required for shop repair.
Separate entries are made for organizational, intermediate, and depot

™ _ 2 N _ L e, _ LA L. __ T _._ TN ______.___ _ £ Y __ . Al .
. Beyond Capability of Mainicnance Raic The percentage of failures that

Anmnnt ha aamniead nt tha tadicnntad maintannnna lavrale and awe
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hicher level maintenance activitv for renair or condemnation, Qppnmfp

higher ity fo
entries are provided for organizational and intermediate level maintenance
sites

. Scrap Rates Fractions of failures that cannot be repaired and are scrapped at
the indicated maintcnance ievel. Dmercnt vai\m are used for

orgamzanomu, mwmwmaw, and OCPO( ievel mainienance siics

. Falece Ramanval Ratee Dmpntngn which are mnlhtr)lu-d I\v the number of

real failures to give the number of false removals of the item. Different
values are used for organizational, intermediate, and depot level

maintenance sites

. Faise Removai Deiection Raies rcrcemagcs which are muiiipiied by the
ensramnbhac af falna wamancenla sa aloea sha £ mcemle momsncenlan 2 A a2 n
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The basis for each of the technical factors is dependent upon the type of equipment
(system or support equipment). The Program Support Inventory Control Point (PSICP),
normally SPCC, Mechamcsburg, PA or ASO, Phﬂadclphla PA that will be supporting the
item can normally provide approximations of these rates for similar existing items.

The LORA is conducted as an integral part of the maintenance planning and analysis
process. Level of repair models are analogous to the planned maintenance practices and

oroccdurcs for the svstcm. They provide an advanced look at intermediate and depot
support costs. The Program Manager must ensure that LORAs do not result in
uncoordinated changes to the logistic support analysis data base.

lnc LORA may be conducted as a compuu:r-oasca moacx, or Oy manual

computation for simple systems. If computer- -based analysis is required, the contractor

may request existing level of repair computer programs through the Program Manager.
Subsequently, the designated activity will provide level of repair computer programs,
user's gmdcs ‘and other such program documentation that will enable the contractor to meet
the processing requirements associated with MIL-STD-1390. The government will not

provide computer capability to the contractor.

lnc | » SRR, \l-..-gef y. alan~ —-uu‘ IC I ~f -e..n:- analysis nein -}M,Mg-mnm;n
This

factors, including safety, repair feasibility, and mission success. analysis, if required,

is accomplished without cost as the prime consideration, and is pu'formed prior to the LOR
economic analysis. Any LOR recommendations based on non-economic analysis may also
include an economic analysis in order to assign some economic value to the non-economic

recommendation.

Additional data is developed in the analysis that is not a direct part of the LORA.

The contractor uses data from LOR decisions, government furnished information, and the
an

ce planning data (as adjusted), to select source, maintenance and recoverability

-

]

maintenan
SAAALL L WAL ASAA AW rl“l‘m

(SM&R) codes for the items for which LOR analyses were conducted. In addition, the
contractor uses the analytical data, the government furnished information, and maintenance
planning data to compute the technical factors associated with maintenance plans, as

specified in MIL-STD-1390.
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